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57 ABSTRACT

A method for operating a vehicle is provided with an electric
machine connected to a battery of less than 150 volts and
coupled to an internal combustion engine such that a crank-
shaft of the engine rotates at all times the electric machine
operates to supply power from the battery and all times the
electric machine operates to capture power for storage in the
battery. Motive force is provided to the vehicle with power
output by the internal combustion engine. During movement
of the vehicle, ignition of the engine is ceased in response to
an engine load below a specified threshold. Pumping losses
and drive train drag are reduced by altering at least one
mechanical property of the internal combustion engine.
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1
VEHICLE AND METHOD OF OPERATING

BACKGROUND OF THE INVENTION

With an increase in government regulations directed
towards reducing pollution and increasing vehicle fuel
economy, many automotive manufacturers and suppliers are
focusing on improvements and advancements in fuel-saving
technologies. One area of advancement has manufacturers
coupling a small electric machine to an internal combustion
engine of a vehicle to create a mild hybrid vehicle. Mild
hybrid vehicles generally function like standard hybrid
vehicles, with the capability of regenerative braking; how-
ever, there is no exclusive electric-only mode of propulsion.
To further improve fuel economy, a vehicle that utilizes a
clutch (e.g., manual transmission vehicle) is capable of stop-
start coasting operation in which the engine is off while the
vehicle continues to move. Stop-start coasting is an advance-
ment of stop-start technology in which the engine is turned off
when the vehicle comes to a stop. During stop-start coasting
operations, the transmission path between the internal com-
bustion engine and the wheels can be severed. This removes
the drag torque and pumping losses of the internal combus-
tion engine. When an engine load increases, for example in
response to an acceleration request, the engine is reconnected
to the wheels and once again provides motive power to the
wheels.

SUMMARY OF THE INVENTION

The invention provides, in one aspect, a method for oper-
ating a vehicle. The method includes providing an internal
combustion engine and an electric machine coupled to one
another such that a crankshaft ofthe engine rotates at all times
the electric machine operates to supply power from the bat-
tery and all times the electric machine operates to capture
power for storage in the battery. The electric machine is
connected to a battery of less than 150 volts. Motive force is
provided to the vehicle with power output by the internal
combustion engine. During movement of the vehicle, ignition
of'the engine is ceased in response to an engine load below a
specified threshold. Pumping losses and drive train drag are
reduced by altering at least one mechanical property of the
internal combustion engine.

The invention provides, in another aspect, a vehicle. The
vehicle includes an internal combustion engine and an elec-
tric machine coupled to one another such that a crankshaft of
the engine rotates at all times the electric machine is supply-
ing power from the battery and at all times the electric
machine is capturing power for storage in the battery. The
electric machine is connected to a battery of less than 150
volts. The vehicle is operable in a first mode of operation in
which the vehicle is powered by the internal combustion
engine. The vehicle is also operable in a second mode of
operation which is activated by the detection of an engine load
below a threshold. During the second mode, ignition within
the internal combustion is ceased and at least one mechanical
property of the internal combustion engine is altered to reduce
pumping losses and drive train drag.

Other features and aspects of the invention will become
apparent by consideration of the following detailed descrip-
tion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart presenting a method for operating a
vehicle.
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FIG. 2 is a schematic view of one embodiment of a vehicle.

FIG. 3 is a schematic view of another embodiment of a
vehicle.

FIG. 4 is a simplified cross-sectional view of a representa-
tive piston cylinder of an internal combustion engine.

FIG. 5 is a cross-sectional view of a representative roller
finger follower of the internal combustion engine.

Before any embodiments of the invention are explained in
detail, it is to be understood that the invention is not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated in the following drawings. The invention is capable
of other embodiments and of being practiced or of being
carried out in various ways. Also, it is to be understood that
the phraseology and terminology used herein is for the pur-
pose of description and should not be regarded as limiting.

DETAILED DESCRIPTION

FIG. 2 schematically depicts a vehicle 10A having a mild-
hybrid power train.

The vehicle 10A includes an internal combustion engine 12
configured to provide motive power to at least one wheel 17 of
the vehicle 10A. The vehicle 10A includes four wheels 17 as
illustrated, but alternate numbers of wheels are optional in
other configurations. One or more of the wheels 17 can be
driven wheels (e.g., front-wheel drive, rear-wheel drive, all-
wheel drive, etc.). The internal combustion engine is a part of
a drive train of the vehicle 10A that also includes an electric
machine 13, a torque converter 14, and a transmission 15
(e.g., multiple-speed transmission). The electric machine 13
is electrically connected to a battery 16 and can be configured
to operate as a generator to supply electrical power to the
battery 16. The electric machine 13 can also be configured to
operate as a motor to optionally supplement the internal com-
bustion engine 12; however, the vehicle 10A cannot be driven
solely by the electric machine. In some constructions, the
electric machine 13 is provided as a starter/generator oper-
able as a motor for starting the engine 12 from a non-running
state. The electric machine 13 can be integrated with the
engine 12 (e.g., an integrated starter/generator) rather than a
separate component attachable and removable from the
engine 12. Whether integrated or not, the internal combustion
engine 12 of FIG. 2 is directly, mechanically connected to the
electric machine 13 such that a crankshaft 48 (FIG. 4) of the
internal combustion engine 12 must rotate at all times the
electric machine 13 operates to supply power from the battery
16 and all times the electric machine 13 operates to capture
power for storage in the battery 16 (i.e. the crankshaft 48 is
locked for rotation with a rotor of the electric machine to
prevent relative rotation).

A torque converter 14 is mechanically connected to an
output of the internal combustion engine 12 and/or the elec-
tric machine 13 at a location between the electric machine 13
and the transmission 15. The torque converter 14 transmits
torque to the transmission 15 from the engine 12 and the
electric machine 13 through an internal fluid. Although the
torque converter may have a lock-up clutch to limit fluid
losses at higher speeds, the torque converter 14 lacks a true
disconnection capability like a conventional clutch (e.g., of a
manual transmission, or a dual-clutch automatic transmis-
sion). The engine power is dissipated through the fluid within
the torque converter 14 when the vehicle 10A stops with the
engine 12 running and the transmission 15 in gear. For
example, the transmission 15 can be an automatic transmis-
sion that remains in gear when the vehicle comes to a brief
stop. The battery 16 can be one battery or multiple batteries,
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and can also refer to a battery pack. As mentioned above, the
battery can supply power to the electric machine 13 and can
be recharged by operation of the electric machine 13. The
electric machine 13 and the battery 16 are part of an electrical
system having a maximum system voltage of less than 150
volts (e.g., 12 volts, 48 volts, etc.). A controller 18 is electri-
cally coupled to the engine 12, the electric machine 13, and
the battery 16 to monitor various parameters and/or control
various operational characteristics. The controller 18 can be
the main vehicle ECU or can be an additional auxiliary con-
troller.

FIG. 3 depicts a vehicle 10B having a mild hybrid power
train similar to the vehicle 10A of FIG. 2. Similar to the
vehicle 10A of FIG. 2, the vehicle 10B cannot be driven solely
by the electric machine 13. The difference is the location of
the torque converter 14 with respect to the electric machine
13. The internal combustion engine 12 of FIG. 3 is mechani-
cally connected to the electric machine 13, through the torque
converter 14. This allows the engine 12 to rotate without the
electric machine 13 (e.g. idling when the vehicle 10B is
stopped). Similar to the vehicle 10A of FIG. 2, the internal
combustion engine 12 rotates at all times the electric machine
13 operates to supply power from the battery 16 or capture
power for storage in the battery 16. In a scenario where the
wheels 17 are not rotating, the electric machine 13 is not
capable of supplying or capturing power. In an alternative
scenario where the wheels 17 are rotating, the electric
machine 13 can optionally be operated as a motor or genera-
tor, but this has the effect of also driving rotation of the engine
12 through the torque converter 14. Similar to the vehicle 1
OA of FIG. 2, the internal combustion engine 12 must rotate
at all times the electric machine 13 operates to supply power
from the battery 16 and all times the electric machine 13
operates to capture power for storage in the battery 16. This is
a result of the torque converter 14 not having a true discon-
nection capability like a conventional clutch (e.g., of amanual
transmission, or a dual-clutch automatic transmission). In
some constructions, the electric machine 13 is a starter/gen-
erator operable for starting the engine 12 from a non-running
state.

In order to improve fuel economy, the vehicles 10A, 10B
are capable of stop-start coasting or fuel cut-off operations. A
fuel cut-off operation is one in which the engine 12 is shut off
while the vehicle 10A, 10B is driving. A stop-start coasting
operation is one in which the engine 12 is shut off and the
transmission 15 is placed into neutral while the vehicle 10A,
10B is driving. Although it would be beneficial to decouple
the engine 12 and the electric machine 13 from the wheel(s)
17 during braking and coasting operations, the torque con-
verter 14 lacks the aforementioned decoupling capability.
Therefore, unless the transmission 15 is placed into neutral
where no power generation from the electric machine 13 is
possible, the crankshaft 48 (FIG. 4) of the engine 12 must
continue to rotate as the wheel(s) 17 rotate. Consequently,
when regeneration is requested, fuel cut-off would normally
produce significant pumping losses within the engine 12, lead
to arapid deceleration of the vehicle, and significantly reduce
the available energy transferable to the battery 16. The pump-
ing losses and ill effects increase with engine displacement
and with compression ratio, and have prevented mainstream
adoption of stop-start coasting or fuel cut-off operation with
mild hybrid electrification in torque converter-equipped
vehicles.

FIG. 1 is a flowchart presenting a method for operating a
vehicle, which may apply to either of the vehicles 10A, 10B
or FIGS. 2 and 3. In a first step 21, the internal combustion
engine 12 is started. The engine 12 is part of a vehicular drive
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train to provide motive power to at least one driven wheel 17.
Therefore, the second step 22 allows the vehicle to move
under power of the internal combustion engine 12, according
to a first mode of operation. At the following step 23, the
controller 18 checks whether engine load is below a specified
threshold. Engine load is defined as the amount of torque put
out by the engine 12 and the specified threshold is dependent
on the size of the engine. A reduced engine load is often seen
in coasting or downhill operations. If the engine load is not
below the specified threshold, the engine 12 continues to
power the vehicle and the controller 18 continues to monitor
the engine load. If the engine load is below the specified
threshold, additional steps 24, 25 cease ignition within the
internal combustion engine 12 and alter at least one mechani-
cal property of the internal combustion engine 12 to reduce a
pumping loss and therefore reduce the overall drag within the
drive train, according to a second mode of operation. This
allows the vehicle to maintain speed longer than if the engine
12 were spinning. Alternatively, the transmission 15 can be
placed in neutral (under electronic control), separating the
engine 12 from the wheels, resulting in no engine drag, but
also no electric power generation capability.

Once the vehicle is in the second mode of operation, the
controller 18 monitors the accelerator pedal at step 26 for any
input from a human operator. At step 27, the controller 18
monitors the brake pedal for any input from the operator
should it receive a negative response to step 26. If there is no
depression of the brake pedal either, the controller 18 once
again checks the accelerator pedal at step 26. If a depression
of'the brake pedal is sensed in step 27, a regenerative braking
process is performed by an electric machine as shown by step
28 (e.g., activated by the controller 18). During this process,
if the engine 12 is disconnected through the transmission 15,
it is reconnected to allow coupling between the electric
machine 13 and the wheels 17. At least one mechanical prop-
erty within the internal combustion engine 12 is modified to
reduce the pumping losses and therefore reduce the overall
drag within the drive train and maximize the amount of elec-
tric energy that can be captured. Following a completion of
the regenerative braking process, the controller 18 continues
to search for a depression of the accelerator pedal at step 26.
Step 29 allows the ignition of the internal combustion engine
12 to be resumed should the accelerator pedal be depressed.
The engine 12 can remain in the second mode of operation as
it is restarted. In this way, the diminished compression resis-
tance within the engine 12 makes it easier for the starter motor
(e.g., the electric machine 13) to start the engine 12. The
method then continues by moving the vehicle under power of
the internal combustion engine 12 at step 22.

FIG. 4 shows a representative cross-section of the engine
12. The engine 12 may have one or more cylinders arranged
in any suitable configuration. A piston 46 is positioned in a
corresponding bore 45 of each cylinder to reciprocate therein.
All of the pistons 46 of the engine 12 are coupled to a common
crankshaft 48 by respective connecting rods 47. In the case of
a typical gasoline combustion engine, a spark plug 44 is
positioned in each cylinder and configured to ignite a com-
pressed fuel/air mixture at a predetermined point of each
engine cycle (although in other engines, such as diesel
engines, fuel and air may be ignited to combust with com-
pression alone). The fuel may be sprayed directly or indi-
rectly into each cylinder with one or more fuel injectors (not
shown). When ignition is ceased within the engine 12, fuel
and/or spark to all cylinder(s) are terminated and combustion
of'fuel and air does not occur (e.g., the spark plug 44 no longer
provides spark to the cylinder 45). However, as the crankshaft
48 is required to continue rotating when the wheels 17 of the



US 9,371,785 B2

5

vehicle rotate, the piston 46 continues to reciprocate within
the cylinder bore 45. Without counteractive measures, this
creates large pumping losses within the engine 12, which is
essentially operating as an air pump.

In order to reduce pumping losses when the engine 12 is
rotating with ignition ceased, at least one mechanical prop-
erty of one or more of the cylinders of the engine 12 can be
modified. For example, the timing of at least one exhaust
valve 43 and at least one intake valve 42 can be adjusted to
change the amount of valve overlap. This includes scenarios
of extreme valve overlap (e.g., in excess of 60 crank angle
degrees). This means that both the intake valve 42 and the
exhaust valve 43 are simultaneously open. Additionally, a
period of time exists where both the intake valve 42 and the
exhaust valve 43 are fully closed. Alternatively, the timing of
the intake valve 42 can be adjusted to close the intake valve 42
before or after the cylinder of the engine 12 reaches bottom
dead center, thereby reducing the total trapped air mass and
peak compression pressures.

Additionally or alternatively, the compression ratio of one
or more of the engine’s piston cylinders can be varied by
adjusting the displaced volume (e.g., varying the stroke of the
piston 46 between top dead center and bottom dead center).
This can be accomplished by, for example, manipulating an
additional link located between the connecting rod and the
crankshaft (e.g., with an electric actuator), or manipulating
the length of the connecting rod (e.g., with oil pressure).
Further, the piston and connecting rod can be disconnected
from the crankshaft.

FIG. 5 shows yet another way in which the internal com-
bustion engine 12 can be modified to reduce the pumping
losses and drive train drag. This alternative can be used in
conjunction with any of the previously mentioned methods of
reducing pumping losses or can be implemented on its own. A
representative roller finger follower 60 is shown below a lobe
61 of the camshaft. A cam follower 62 (e.g., roller wheel) is
located directly adjacent and tangent to the lobe 61 so that the
cam follower 62 maintains contact with the lobe 61 and
rotates at all times the lobe 61 is rotating. As the lobe 61 has
a non-circular profile, the cam follower 62 is pushed in a
downward direction until it encounters the point of the lobe
61 located farthest from the rotational axis of the lobe 61.
During normal operation, this causes the rocker mechanism
67 to push down on the valve stem 68 of an exhaust or intake
valve 43, 42, and open the valve (e.g., the intake valve 42 in
FIG. 4). The rocker mechanism 67 is supported by a lash
adjuster 63 which allows the rocker mechanism 67 to rotate as
shown by arrow 69. The lash adjuster 63 is supplied with a
fluid which is capable of filling a channel 66 that surrounds a
biased block 64. When an increased fluid pressure is not
present, the biased block 64 is pressed by a biasing spring 65
into a position to support a lower surface 71 of the rocker
mechanism 67. When the fluid pressure inside the channel 66
is great enough to overcome the force from the biasing spring
65, the biased block 64 is pushed into the channel 66 away
from the cam follower 62. This removes the fixed support
provided by the biased block 64 and allows the end of the
rocker mechanism 67 opposite the valve stem 68 to rotate, or
collapse, as shown by arrow 70. Therefore, the valve stem 68
is not depressed and the valve 42, 43 (FIG. 4) does not open
in response to actuation by the cam lobe 61. This prohibits
new air from entering or leaving the cylinder 45, and therefore
limits the pumping losses of the engine 12. This modification
can occur in a plurality of roller finger followers 60 which can
include every roller finger follower 60 for each intake and
exhaust valve 42, 43 of each cylinder or can be simplified to
only correlate to a specific number of cylinders less than the
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total number of cylinders. While the engine shown in FIG. §
utilizes an overhead cam, other suitable alternatives such as
pushrods can also be employed.

Alternatively, the valve profile can be modified such that
the intake or exhaust valves 42, 43 or both, are held slightly
open when functioning in the second mode of operation. This
eliminates compression within the cylinder, thereby reducing
the drag losses of the engine.

Alternatively, or in addition to the method illustrated in
FIG. 1 which relies on human inputs, a vehicular mechanism
such as cruise control system can also function in certain
instances. Cruise control operation maintains a relatively
constant vehicle speed under engine power, and under various
conditions where the vehicle speed tends to increase without
increasing engine load, can identify a scenario where the
vehicle can coast without use of the engine 12. The pumping
losses can be reduced during coasting (e.g., in accordance
with one or more of the above engine modifications). In
addition to the human inputs which can stop the coasting
operation and restart the engine 12, the cruise control system
may automatically restart the engine 12 when the vehicle
speed begins to decrease.

Although the invention has been described in detail with
reference to certain preferred embodiments, variations and
modifications exist within the scope and spirit of one or more
independent aspects of the invention as described.

What is claimed is:

1. A method of operating a vehicle, the method comprising:

providing an internal combustion engine;

providing an electric machine connected to a battery ofless

than 150 volts and coupled to the internal combustion
engine such that a crankshaft of the internal combustion
engine rotates at all times the electric machine operates
to supply power from the battery and all times the elec-
tric machine operates to capture power for storage in the
battery;

providing motive force to the vehicle with power output by

the internal combustion engine;

during movement of the vehicle, ceasing ignition of the

internal combustion engine in response to an engine load
below a threshold; and

with ignition ceased, altering at least one mechanical prop-

erty of the internal combustion engine to reduce pump-
ing losses to reduce drive train drag.

2. The method of claim 1, further comprising:

providing a transmission between the internal combustion

engine and at least one vehicle wheel; and

placing the transmission into a neutral position during

movement of the vehicle when the engine load is below
the threshold.

3. The method of claim 1, further comprising:

sensing an input from a human operator of the vehicle; and

resuming ignition of the internal combustion engine.

4. The method of claim 3, wherein the input includes a
depression of an accelerator pedal.

5. The method of claim 3, wherein the input includes a
depression of a brake pedal.

6. The method of claim 5, further comprising decelerating
the vehicle with a regenerative braking process whereby the
electric machine generates electrical power for storage in the
battery in response to the depression of the brake pedal.

7. The method of claim 3, wherein the electric machine is
anintegrated starter generator, the method further comprising
energizing the electric machine to start the internal combus-
tion engine while the at least one mechanical property is
altered to reduce pumping losses.
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8. The method of claim 1, further comprising:

providing a torque converter between an internal combus-

tion engine and an electric machine; and

wherein providing motive force to the vehicle includes

transmitting internal combustion engine power to at
least one vehicle wheel through the torque converter.

9. The method of claim 1, further comprising:

providing a torque converter between an electric machine

and at least one vehicle wheel; and

wherein providing motive force to the vehicle includes

transmitting internal combustion engine power to the at
least one vehicle wheel through the torque converter.

10. The method of claim 1, wherein altering at least one
mechanical property of the internal combustion engine
includes manipulating a valve train.

11. The method of claim 10, wherein manipulating the
valve train includes collapsing a plurality of roller finger
followers such that actuation of the plurality of roller finger
followers by a camshaft does not result in opening of a cor-
responding plurality of valves of the valve train.

12. The method of claim 1, wherein altering at least one
mechanical property of the internal combustion engine
includes adjusting the timing of at least one exhaust valve and
at least one intake valve to produce a negative valve overlap.

13. The method of claim 1, wherein altering at least one
mechanical property of the internal combustion engine
includes substituting a high compression ratio for a low com-
pression ratio in at least one piston cylinder of the internal
combustion engine.

14. A vehicle comprising:

an internal combustion engine; and

an electric machine connected to a battery of less than 150

volts and coupled to the internal combustion engine such
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that a crankshaft of the internal combustion engine
rotates at all times the electric machine is supplying
power from the battery and at all time the electric
machine is capturing power for storage in the battery,

wherein the vehicle is operable in a first mode of operation
in which the vehicle is powered by the internal combus-
tion engine, and

wherein, activated by the detection of an engine load below

a threshold, the vehicle is operable in a second mode of
operation in which ignition of the internal combustion
engine is ceased and at least one mechanical property of
the internal combustion engine is altered to reduce
pumping losses and drive train drag.

15. The vehicle of claim 14, wherein the internal combus-
tion engine is configured to switch from the second mode of
operation to the first mode of operation via an input from a
human operator of the vehicle.

16. The vehicle of claim 15, wherein the input includes a
depression of an accelerator pedal.

17. The vehicle of claim 15, wherein the input includes a
depression of a brake pedal.

18. The vehicle of claim 17, wherein the electric machine is
operable to generate electrical power for storage in the battery
in response to the depression of the brake pedal.

19. The vehicle of claim 14, wherein the electric machine is
an integrated starter generator operable to start the internal
combustion engine when energized.

20. The vehicle of claim 14, further comprising a torque
converter located between the electric machine and at least
one vehicle wheel or between the electric machine and the
internal combustion engine.
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